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(57] ABSTRACT

Apparatus for synchronously shifting the reverse gear
of a speed-changing transmission, such as an automobile
transmission, includes an axially displaceable reverse
shift gear which is rotatably mounted on a stationary
shaft and cooperates (meshes) with a first gear on a first
transmission shaft and a second, wider gear on a second
transmission shaft. The reverse shift gear has a synchro-
nizing device, provided with synchronizing cones and
locking components, which becomes operative to brake
the reverse shift gear with respect to a stationary ele-
ment when the shift gear is axially displaced.

8 Claims, 4 Drawing Figures
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NQOISELESS SHIFTING APPARATUS FOR A
TRANSMISSION REVERSE GEAR

The present invention concerns apparatus for syn-
chronously shifting the reverse gear of a speed-chang-
ing transmission, such as an automobile transmission.
More particularly, the invention relates to an axially
displaceable reverse shift gear which is rotatably
mounted on a stationary shaft and cooperates (meshes)
with a first gear on a first transmission shaft and a sec-
ond, wider gear on a second transmission shaft. The
reverse shift gear has a synchronizing device, provided
with synchronizing cones and locking components,
which becomes operative to brake the reverse shift gear
with respect to a stationary element when the shift gear
is axially displaced.

A synchronizing device of this type is known and 1s
disclosed, for example, in the German published patent
application (DAS) No. 2,018,399. In this arrangement,
the reverse shift or sliding gear carries or forms a syn-
chronizing cone which constantly bears against a
counter cone that is provided with locking elements and
is biased by a stationary spring. The counter cone is
axially displaceable in opposition to the spring and 1s
finitely rotatable as far as a locking position. In this
arrangement, the spring continuously acts on the
counter cone and also keeps the sliding gear, when in
the disengaged position, constantly separated from the
two mating gears. In view of the spring, which con-
stantly acts on the counter cone and thereby also on the
reverse shift gear in a direction counter to the engage-
ment direction of this reverse gear, it is necessary to
increase the shifting force in order to prevent the re-
verse shift gear from jumping out of engagement. This
need for increasing the shifting force of course impairs
the ease of shifiing. Moreover, during the engagement
process and even when the reverse shift gear is en-
eaged, a friction contact is maintained between the
synchronizing cone forming a part of the reverse shift
gear and the stationary cone, thereby braking the re-
verse shift gear and continuously wearing the cone
surfaces during operation of the vehicle in reverse gear.
Wearing of this kind is extremely critical since it occurs
directly on the reverse shift gear which eventually must
be replaced at considerable cost.

The steady friction contact between the synchroniz-
ing cone and the counter cone has an additional disad-
vantage during the engagement process also. Upon
engagement of the reverse shift gear, which has been
braked and is therefore stationary, with a first mating
transmission gear, which is possibly still rotating, mesh-
ing engagement of the gear teeth becomes more diffi-
cult. Breaking of the reverse shift gear is logical and
necessary only after the shift gear has meshed with the
first mating gear, but not before.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
transmission which may be shifted noiselessly into a
reverse gear, but which avoids the aforementioned dis-
advantages of the prior art.

This object, as well as other objects which will be-
come apparent from the discussion that tollows, are
achieved, according to the present invention, by means
of a synchronizing device that includes (1) a sleeve
having an inner cone which is arranged concentrically
with the reverse shift gear shaft and is fixed in the axial
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and circumferential directions; (2) a braking ring rotat-
ably mounted within the sleeve and having an outer
cone cooperating with the inner cone of the sleeve; and
(3) locking elements, arranged on the reverse shift gear
when it is shifted into the engaged position.

In accordance with a particular embodiment of the
invention, the reverse shift gear is provided with a hub-
like extension having guide grooves distributed around
its circumference. These guide grooves are stepped In
width in the circumferential direction and have inclined
locking surfaces for engagement with locking teeth that
project radially inwardly from the internal circumfer-
ence of the braking ring. These locking teeth have
slanted facing surfaces on the sides thereof directed
toward the reverse shift gear which cooperate with the
slanted locking surfaces of the grooves. In particular,
these locking teeth preferably exhibit roof-shaped pro-
files, thus forming the slanted locking surface. Prefera-
bly also, the braking ring is retained with respect to the
sleeve in such a manner as {o maintain play in the axial
direction.

As will be understood from the foregoing, the gear
shifting apparatus in accordance with the invention
avoids the use of a stationary spring which constantly
applies an engaging force to the synchronizing cones. It
also removes the synchronizing cones from the reverse
shift gear to a braking ring arranged between the shitt
gear and a stationary sleeve whereby the braking ring is
retained relative to the sleeve with a certain degree of
axial play. The synchronizing cone provided on the
outer periphery of the braking ring thus comes into
contact with the counter cone arranged on the inner
periphery of the sleeve only if, during the engagement
process, the slanted roof-shaped surfaces on the radially
inwardly projecting locking teeth of the braking ring
are engaged against the locking surfaces that extend
between the two different-width guide grooves on the
hub-like extension of the reverse shift gear. Before and
after the synchronizing process is effected, however,
the outer cone of the braking ring can detach itself from
the inner cone of the sleeve due to the axial play of the
braking ring with respect to the sleeve, so that during
these operating states no friction contact, and thus no
braking or wear, can occur. If, after an extended period
of operation of the vehicle, the wear of the synchroniz-
ing cones should become too great, the reverse shift
gear need not be replaced; it is sufficient, rather, if only
the sleeve and the braking ring are replaced.

The shifting arrangement in accordance with the
invention is further distinguished by a relatively small
overall height so that it may be possible to utilize the
otherwise unused space at the level of the mating pair of
speed change gears. In many cases, subsequent installa-
tion (retrofit) in already existing structures is possible
without major modification.

For a better understanding of the invention, together
with other and further objects, reference is made to the
following description, taken in conjunction with the
accompanying drawings, and its scope will be pomted
out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view through a
portion of an automobile transmission. For better 1llus-
tration, the two shafts accommodating axially fixed
reverse gears are drawn as being arranged 1n a common
plane with a third shaft on which is mounied an axially
displaceable reverse shift gear.
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FIGS. 2-4 are cross-sectional views showing a detail
of the transmission illustrated in FIG. 1. FIGS. 2-4 each
illustrate a different shifting position of the reverse shift
gear.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FI1G. 1 illustrates a portion of an automobile transmis-
sion housing 1 connected to a drive axle gear casing 2.
Arranged within the housing 1 and casing 2 is a driving
shaft 3 which is coupled to the crankshaft of the auto-
mobile engine through a clutch (not shown). A driven
shaft 4, also arranged within the housing 1 and casing 2,
supplies the mechanical output to the drive axle. In the
figure, the two rotable power shafts 3 and 4 have been
represented as lying in a common plane with a third
shaft 5. However, in practice the third shaft 5 is dis-
placed to one side with respect to a plane passing
through the longitudinal axes of shafts 3 and 4. The
third shaft 5 is held stationary within the housing 1 and
casing 2 and supports a rotatable reverse shift gear 6.
This shift gear is displaceable axially on the shaft 5 to
cause engagement with the gears 7 and 8 supported on
the shafts 4 and 3, respectively. When the teeth of the
reverse shift gear 6 engage the respective teeth of the
gears 7 and 8, the shaft 3 is in driving (reverse) engage-
ment with the shaft 4, with a suitable transmission gear
ratio corresponding to the respective numbers of teeth
on the gears 7 and 8. |

The gear 7 arranged on the driven shaft 4 is con-
structed in this exemplary embodiment as a circle of
teeth arranged on the outer periphery of a synchroniz-
ing device 9. This synchronizer 9 serves in the transmis-
ston to synchronize the shifting of the first and second
speeds: the first speed being associated with the gears 10
and 11 and the second speed associated with the gears
12 and 13. It 1s evident that these pairs of gears are
actually constantly in meshing engagement with each
other and are separated here only because of the special
manner of illustration (i.e., the illustration of the three
shafts 3, 4 and 5 in a common plane). |

The reverse shift gear 6, which rotates and is axially
displaceable on the stationary shaft 5, is provided with
a hub-like extension 14 having guide grooves 15 and 17
distributed around its periphery. As is more apparent
from FIGS. 2-4, the guide grooves have different
widths in the circumferential direction. In particular,
the guide groove portions 17 facing away from the
reverse shift gear 6 are wider in the circumferential
direction than the guide groove portions 15. The

groove portions 15 and 17 are connected by locking

surfaces 16 which extend at an inclination relative to the
longitudinal axis of the shaft 5.

The guide grooves 15 and 17 receive locking teeth 22
which project inwardly from the inner periphery of the
braking ring 20. A synchronizer cone 21 is fashioned on
the outer periphery of the braking ring 20 and interacts
with an inner cone 19 on a sleeve 18 which is arranged
concentrically with the shaft 5 and, like the shaft, is
fixed 1n position in the axial and circumferential direc-
tions. The sleeve 18 is fixed axially in this exemplary
embodiment by a retaining ring 26 held on the fixed
shaft 5. The bottom 25 which closes one end of the
sleeve 18 is clamped between the retaining ring 26 and
the wall of the casing 2. An offset or step in the diameter
of the shaft 5 could also be provided in place of the
retaining ring 26. The sleeve 18 is fixed in the circumfer-
ential direction by a means of a partition 28 clamped
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securely between the two housing parts 1 and 2. This
partition 28 engages in a recess 27 in the periphery of
the sleeve. The recess may be sufficiently wide and deep
sO as to simultaneously serve as a discharge opening for
the transmission lubricant that penetrates the interior of

the sleeve.
The braking ring 20 is secured with respect to the
sleeve 18 by means of a retaining ring 24. This ring 24 is

positioned so as to leave some axial play. The teeth 22 of
the braking ring 20 are provided with slanted facing
surfaces 23 on the sides thereof directed toward the
reverse shift gear 6. In particular, the profiles of these
teeth are “roof shaped”, as indicated in FIGS. 2-4.
During the synchronizing process, the slanted surfaces
23 interact with the locking surfaces 16 between the
guide groove portions 15 and 17 of the hub-like exten-
sion 14 on the gear 6.

The operation of the gear shift arrangement accord-

“ing to the present invention will now be described with

reference to FIGS. 2-4, each of which shows a different
position of the shifting elements. FIG. 2 shows the posi-
tion of the shifting elements participating in the engage-
ment of the reverse gear when the reverse gear is disen-
gaged. In the exemplary embodiment illustrated, the
teeth of the shift gear 6 do not mesh with the teeth of
either the gear 7 on the driven shaft 4 or the gear 8
(which is wider than the gear 7) on the driving shaft 3.
As shown in FIG. 2, the teeth 22 of the braking ring 20
are located in a center position between the groove
walls of the wider groove portions 17 of the hub-like
gear extension 14.

When the shifting process for engaging the reverse
gear commences, the shift gear 6 is displaced, by means
of a shifting finger (not shown), from the position
shown in F1G. 2 toward the position shown in FIG. 3 in
which the teeth of the shift gear 6 are initially engaged
with the tecth of the wider gear 8 on the driving shaft 3.
At this point, the driving shaft may still have a certain
speed, due to the inertia of the components directly
connected to this shaft, especially when the shift to the
reverse gear directly follows one of the forward speeds.
Before reaching the braking position shown in FIG. 3,
the reverse shift gear 6 will rotate freely as its teeth
mesh with those of the gear 8, because the outer cone 21
of the braking ring 20 has not been pressed against the
inner cone of the sleeve 18 so as to produce a friction
contact. Thus, the shift gear 6 is rapidly accelerated
until there is no longer any relative movement between
the engaged teeth of the gear 6 and the teeth of the gear
8. The braking ring 20, maintained in the sleeve 18 with
a certain degree of axial play, is entrained in this posi-
tion through contact of the groove sides of the wider
guide groove portions 17 with the locking teeth 22.

The narrower reverse gear 7 on the driven shaft 4 is
connected by means of the axle with the driving wheels
of the vehicle. Since the vehicle is stationary when the
reverse gear is engaged, the gear 7 will also be station-
ary and the driving section, consisting of the driving
shaft 3, the associated gear 8 and the shift gear 6, must
be braked in order to prevent engagement noises. This
braking i1s effected in the position shown in FIG. 3
wherein the roof-shaped slanted facing surfaces 23 of
the locking teeth 22 on the braking ring 20 come to bear
against the inclined locking surfaces 16 arranged be-
tween the different width guide groove portions 17 and
15 of the hub-like shift gear extension 14. As a result, an
axial force is exerted on the braking ring 20 which
presses the outer cone 21 on this ring against the inner
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cone 19 of the sleeve 18, thereby producing a friction
contact. Further displacement of the shift gear 6, with a
small back rotation of the braking ring 20, now becomes
possible only when the shift gear 6, as well as the re-
verse gear 8 with which it is engaged, have come to 5
rest.

The final engaged position of the shift gear is shown
in FIG. 4. In this position, the shift gear 6 has come to
a complete stop and is meshed without difficuity with
the reverse gear 7 that is connected with the driven
shaft 4.

When the shift gear 6 is engaging the reverse gear 7,
the locking teeth 22 on the braking ring 20 are guided
within the guide groove portions 15 of the hub-like
extension 4. Although these guide groove portions 15
are narrower than the portions 17, the teeth 22 are free
to move axially, permitting the outer cone 21 of the
braking ring 20 to become detached from the inner cone
19 of the sleeve 18. Thereafter, if the vehicle clutch is
engaged and the driven shaft 3 is connected with the
crankshaft of the vehicle engine so as to operate the
vehicle in reverse gear, there is no longer any friction
contact between the braking ring 20, which rotates with
the reverse shift gear 6, and the stationary sleeve 18.
Consequently, there is no braking force nor any wear of 25
the cone-shaped contact surfaces.

Due to the fact that friction contact between the
inner cone 19 of the sleeve 18 and the outer cone 21 of
‘the braking ring 20 is present only during the synchro-
nizing process, it is also possible to construct the teeth 30
of the gear 8 on the driving shaft 3 with sufficient width
so that the gear 8 will be continuously engaged with the
shift gear 6, thus even in the starting position shown in
FI1G. 2. In this manner, the uncontrolled process of
engaging the teeth of the shift gear 6 with the teeth of 35
the gear 8 can be eliminated. This is of advantage, par-
ticularly in the case of high speed drives.

It will be appreciated that with the shifting apparatus
according invention, it is possible to disengage the re-
~ verse gear without any difficulty or impediment. This
ease of disengagement is apparent from a consideration
of FIGS. 2-4.

While there has been described what is believed to be
the preferred embodiment of the invention, those skilled
in the art will recognize that various changes and modi-
fications may be made thereto without departing from
the spirit and scope of the invention, and it is intended
to claim all such embodiments as fall within the true
scope of the invention. -

We claim:

1. A speed changing transmission, in particular a
motor vehicle transmission, comprising:
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(a) a first gear arranged on a first transmission shaft;

(b) a second gear arranged on a second transmission
shaft, said second gear being wider than said first
gear;

(c) a third gear rotatably mounted on a third shaft,
said third gear being axially displaceable and ar-
ranged to engage said first and second gears, said
third gear having synchronizing means including:
(1) a sleeve, arranged concentrically with said third

shaft and fixed in its axial and circumferential
directions, said sleeve having an inner cone;

(2) a braking ring rotatably mounted within said
sleeve and having an outer cone cooperating
with the inner cone of said sleeve; and

(3) locking means, arranged on said third gear and
said braking ring, for braking said third gear
when it is shifted into the engaged position;

whereby said third gear is a reverse gear of said trans-
mission which may be noiselessly en gaged with said
first and second gears.

2. The transmission defined in claim 1, wherein said
third gear includes a hub-shaped extension having guide
grooves distributed around its circumference, said
grooves being defined, in part, by slanted locking sur-
faces: and wherein said braking ring includes a plurality
of locking teeth projecting radially inwardly from the
internal circumference thereof and engaging said
grooves.

3. The transmission defined in claim 2, wherein said
locking teeth have slanted facing surfaces on the sides
thereof directed toward said third gear, said slanted
facing surfaces cooperating with said slanted locking
surfaces of said grooves.

4. The transmission defined in claim 3, wherein the
profiles of said lochng teeth are roof-shaped.

5. The transmission defined in claim 4 further com-
prising means for retaining said braking ring with re-
spect to said sleeve while maintaining play in the axial
direction.

6. The transmission defined in claim 5, further com-
prising means for retaining said sleeve in the axial direc-
tion between said third shaft and the adjacent transmis-
sion housing,.

7. The transmission defined in claim 6, wherein said
sleeve has a recess in its outer, circumferential surface,
and further comprising a stationary member inserted in
said recess for retaining said sleeve in the clrcumferen-
tial direction.

8. The transmission defined in claim 7, wherein said
recess is adapted as an outflow opening for lubricant

located within said sleeve.
: - x x x *
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